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The LHCb Experiment

Exploiting the abundant bb (and charm)
production at LHC for searching new physics in
the flavour sector

@ Single arm spectrometer covering only the high
rapidity region

@ Emphasis on:

@ Vertexing, proper time resolution

@ Tracking efficiency, p resolution
@ Particle ID

@ Fast and highly selective trigger
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The Detector: Tracking

Vertex Locator | : .
Si Lstris sensore Tracking Stations
orthoaonal to bear’n , Si detector for upstream and inner
geomgetry movable'dépvice parts (ST), straw tubes for outer
from 30 to 8 mm from beam! part (OT)
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The Detector: Particle ID

RICHs

2 detectors using 3 radiators for
pi/K separarton in wide
momentum range (1-100 GeV).
Readout by custom HPDs

Calorimeter System

Scintillating Pad Detector,
PreShower (Pb/scint.),
ECAL (Shashlik),

HCAL (Fe/scint. tiles)
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Hardware Trigger
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L0 Decision Unit

Hadron
Alley

Level 0

Global Reconstruction

HLT?2

L |

Storage: Event Size ~ 40 kB

The Trigger

» LO Trigger (hardware)
@ Muon detector:
» “high”(>1 GeV) p_ muon
* Calorimeters:

» high p_hadron, electron, y

@ Pile-up Veto (select single collisions)
» High Level Trigger (software)

= Running on computer farm

» Add vertexing to confirm LO
candidates, perform full
reconstruction

» 2 kHz output to storage
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Commissioning Step O: Test Pulses

» Detector installation completed in 2008, except first MUON
station (installed in 2009)

» First optical space alignment of detectors (survey)

» All detectors channels verified and first time alignment
performed with pulsers or embedded test devices (LEDs for
calorimeters, Lasers for RICHs,...)

» Most problems fixed during commissioning, negligible number
of residual dead channels

Detector Number of channels Fraction of working
channels

272k 99.2%

RICH 496Kk (*) 96.7%

MUON 122k 99.8%

(*) some missing HPDs in border regions, with negligible effect on physics performance
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Comissioning Step 1: Cosmics
» Very low rate of horizontal cosmic tracks (~ 1 Hz crossing OT,

CALO and MUON)

» But time was enough... 4Mtracks collected with CALO trigger

» VERY useful for first space and time alignment of OT, CALO and
MUON => start commissioning of LO trigger!

Inner
Tracker
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Commissioning Step 2:First LHC beams
* High density (up to 10/cm?)

muon “shots” from beam
SPS . L
" ED beam stopj dumping during injection tests
l‘:‘ - . IhinG . .
Sean, ., " e - cb @ First beam tracks seen in VELO
T - and ST !
- f-..~.;=.._— @ |mprove VELO/ST alignment
LHCb with respect to survey

@ Use also beam-gas collisions
from first circulating beams
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Commissioning Final Step:Collisions
» RUN 2009

» VELO not fully closed (due to beam optics at 450 GeV), but
could reconstruct vertexes with lower resolution

Blue:
vertices in beam1-
empty crossings

/) vertices in beam- T
beam crossings

> A ™
» Use 2009 data (limited statistics) to reflne allgnments and

calibrations
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» RUN 2010

30t March 2010
First event with LHCDb Event Display
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HCAL
z =This] Torae net RICH?2 A
. | e
- r},' | racekcr
::'; _,'4 TT _..-""':,: Wtiﬁ e |
|~ ’__.--_’!!' o "F.:_‘I_,__,-r""‘- = _:'I . ; :
f

PR

VEeTrlex ] r\l.'hH I..

tocaror [t p2eel
A bz j | —

W\

il e o 2 .

(303 2000 130711
Rz £2038 Event EES00 B4 17EE

-~
Py

» Detector ready for physics on the first day

» Redescovery of all resosances (VOs, D mesons, Bd, Bs) as
soon as luminosity allowing it
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VELO closing /\

» VELO fully closed for the first time on April
1, 2010, after declaration of first fill with
stable 3.5 TeV beams

» Operation took 2 hours...

» Now done routinely in 6 minutes, still
always under VELO expert supervision
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Vertexing

@ Performing full sensor alignment using

Overview of misalignments

the first large sample of VELO tracks, 8 F -
. € 80| SensorXandY
reached 4 pm residual rms 4 F |_Alignment: 4.4 um
@ \Vertex resolution measured by random 60}
splitting primary tracks in two halves 50
and comparing vertexes with same a0
multiplicity. For average vertex (25 30F-
tracks) o = 15 pm (X,Y), 95 pm (2) s
@ Still 30 % worse than in MC, alignment 10 mfj
to be finalized e N
Misalign (um)
| ¥ and Y reaaluticn | Z reselution
= 0.04; — e T 025 72/ ndl 35.53 / 20
Eonas’ Prob 0.7859 E [ Prab 0.01747
= E ¥res 007913+ 00004683 S o al Zrea 0,458 = 0.00286
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- E - LHCB VELO Praliminary | e
EI-UE:— ey 5 = T TeV Dala u L .
E S ¥ n o
0.015 'l"":=l‘=|::_;,_ o Pt u.‘_ L—-'"_'_hl—-l-L,L
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nTracks nTracks
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Tracking

~ TT residual (rms-unbiased)

@ ST: residual rms ~ 65 uym

-Data i 1ot
@ Discrepancy with MC (50 um) 100rpmce . T
understood: residual |  Survey il 530,35
misalignment + charge sharing I =
effect overestimated in MC i
e OT: residual rms ~ 270 pm o0r
@ drift time calibration verified i
@ good agreement with simulation i

05
Drift-time space relation (R{t))

 F i OT residual (rms-unbiased)
5 B — R{(t) from test beam : _ : . —
straw tube & “F g —R() from fit to proton data .48 3001 f ...
C s | S B
= 2001 :
N [ i aligned
10— g Ji - g S . H H E
u g 00 . ; Pog i survey
. . - 1001 s : :
ok i IR TSR BT SRR B _d-ﬁ;r;{rr
3 -z -1 D I E: 3 0 .EL“'#L%?
unbiased distance [mm] =9 -1 0 ] 2
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Tracking Performances

i —

efficienc

» Efficiency of tracking stations : :
measured from K_candidates ® ™ LHC prefiminaryVs =7 Tev |7

in VELO+CALO. In agreement | E
with expectations -  Duta E

— Monte Carlo

» Mass resolutions also |
compatible, or slightly worse, ° 00 %0 500 b MeV]™
than simulation |
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LHCb data
(preliminary)

Mirror alignment performed making
Cerenkov angle independent on the
azimuthal angle @

Aligned

Misaligned

Misalignment observed relative to Tracking

f |
Cherenkov
Angle, & E;UI; qt;;
Ring Angle, ¢ \_/
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LHCb data
(preliminary)
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RICH performances

@ Current resolution on Cerenkov

angle 6:
RICH1 2.2 mrad

Proof: ® — KTK™

Entries

T LB | L i

6000
C LHCE
RICH2 0.9 mrad 5000~ Preliminary | -
E 450 GaV Dala E
. 40001 =3
» Expect improvement by 20-30 % : — 5
: N 3000 d >2KK’ =
from alignment of individual HPDs £ 3
and mirrors ol No PID E
_n 2 " 1 " 2 '] 3 g
1000 1050 1100
My [MeV/ic®]
Total Resolution ~ 130T . —r————r—r
LHCHh Dals 'E' LHEnE'
200, Zvsiienary z 1 with PID Preliminary
— = . 450 GeV Data
T ¢ Fiaies = 1.T9 & A2 MeV
:-l:i:-:-:l 1:% 8 D 9 KK m o= 101961 + 0,22 MeV
o o = 0.91 mrad i 4 b g |
—
N iis aood Gocd a0oe DES 0 MEET DBET OO0 6004 300 2 j
A8 [rad] ’
260 1000 1020 1040 1080
My, (MeV/c?)
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Calorimeters

» Timing already OK at 1 ns level

* Energy calibration improved to 2%
level using first m° sample

» m’resolution (7.2 MeV) even better
than expected!

» |n the future, improve calibration
with electrons from conversions

and J/y

160
- N, g = (121.6 + 27.6)
= + my, = (3042.6 + 19.7} MeVic®
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{TG lllll
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MUON

Collision data used to refine
timing in innermost regions
(limited cosmic statistics)

Reached nominal
performances:

tracking efficiency in 25 ns

(AND of 5 stations)
> 95 % for p>6 GeV

Clean J/¢y sample selected

Muon ID and pion misid
performances found in good
agreement with simulation

250 o H o .Li-IC.b | —:
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Trigger oV

L(Hz/em™)  rate (Hz)
» Profit of LHC startup at low luminosity for

27
commissioning and exercising trigger 0 20
components:
@ Minimum-Bias LO Trigger (HCAL> 240 MeV && SPD
mult.>2, p * > 240 MeV)
@ Micro-Bias trigger (single track, independent on nominal
LO)
@ No need for HLT for first 6 weeks (LO rate < 2 kHz)
. o 4-10% 2Kk
o Start HLT1 with relaxed IP cuts, optimize LO and
HLT1 thresholds for charm and beauty.
Downscale MB triggers
» Currently running with average number of 20
1-10 50k

collisions close to nominal value (0.5 - 1)!

July 18, 2010 G.Graziani - LHCb commissioning
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Trigger Performances

> LO trigger efficiency in g VT LO | Tr| Eff vs R
excellent agreement with 2V H iNg. B VS P, E
simulation i S e e AN

c 09 —¢ —

o LOp:95.5+/-1.3% 3 oo 3
o - -

» LOe:75.4 +/- 0.6 % ~ O7E | Heb E
0.6 Preliminary e Data 3

0_5f_v§=7TeV —MC =

max p pt(GeV/c)

» LOXHLT1 efficiency measured , LO*HLT1 Trig. Eff. for JI§ vs p_
on J/Yy sample and found in g
good agreement with % 0o iﬁr
expectations: = j::F

first proof of concept of 3 07
LHCDb trigger on real data 08F | ek
o Preliminary —@— DATA:84.7+2.0%
\s=7TeV —— MC:86.7+0.1%
0.4

8 10
p,(J1y) (GeVic)
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Detector Operation

LHCh: TOP (on mudaq0Ol)

Susie Auto Pilot Mon 12-Jul2010  10.49.37
" !’ ! vstem
sy - A

Sub-Svstem

[ DCS Run Number: Activity:
75344 [ 2
s PVSS based control | > |
[ A Run Start Time: Trlgger Conflguration:
software allows to E - ;
ru n th e L H C b [ :'l: E;“:‘?:u??“nn: Time'l":lliig::l.:‘evl:ti:'ldow “ "': ¥ L0 Gap
detector as a whole { = N Evens: Max . Events:
fro m t h e m a i n [ Reconstruction i tol Events
[ p— Nr. Steps Left: Automated Run with Steps:

console, or to easily step RunwithD | Steps
Fun independently Lo Rate: HLT Rate: Dead Time: 1|

AR

detector partitions P ;
(crucial to optimize S U N i W H R -
C O m m i SS i O n i n g ) Efficiency Trigger Rates . mss.ssuzm . 221:rm|-|zm u.13;e% _:_

_TFC Control | [TELL1s || LHCbElog |  DataDestination: Oflin= * DataType: COLLSIONIO ¢ ¥ Automatic
File: [fdaqarea.flhcnfdatafzmUIRAWJ‘FULLILHCUI‘COLLISIOMUffb344 l Run DB

Sub-Detectors:

TDET . VELOA VELOC T T OTA oTC RICH1 RICH2 PRS
prsusocarr | nowana | nownc | nuwe < nuws | nons | e | nune | nums | nune |

JT_ALLOCATI

Trinaer Combonents:

l ECAL HCAL MUCHA MUONC I LoDu . TCALS THMUA TMUC TPU
(oo - mowa | nurwne -] nowae - | e | e | nueme < nowae | e |

Messanes

12-Jul-2010 10:38:11 - LHCb_TFC executing action START_TRIGGER
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Tools for Operation

System
LHED_LHC

Tue Z#-Mm-2000

AEFE

@ Fully automatized procedure e

for interaction with LHC (voice

assisted) e —r

@ VELO closing manager o
included in the console, e e
though still being operated by
detector experts

-
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—Fage Comments
Calorimeters 20 view ﬂ
tap : hits in Calorimeters
bottom : averall barycenter
Ll | i =l
Histary from 752010 1846 to 3712010 18:45 4

LHCh Chock _

raat €,

LHC
Mode: Fill Mramb-er: Energy:

INJECTION Hamishake Dotactad ERTTENBHISICS T PEE4 G

Gote INJECTRONT Magnet
Set Currents: Measured Cumrent: Palariny:
0k LCaveal =04 |=00a OFF
T

VELO Pasition

Requested HY
OEF

STALEN]

Reguested LV
FEART

Opening:
|00 mrm

Settings aticn HY BCM  BFM  VELO

® & @

H State (AIC) WelaPaosition Lumifegian Target Pas
XA [23 000 X [-333.000 mm XA [ 230000 rm

XC [ @m0 mm Y[R mm XC [ -23.000 rmm

WA [ 0001 men I[oMm0mm WA [ D002 me

Stanus:

F-June-2010 17:32 42 - Initialization done.
Trype-2010 1752 42 - Steps ssouence [mr] 14-5-1-0

[ DB Interfaces
Run DB Server: . Cond DB Suvnr.. PWSS Archives .
LW Srate (AMC)

— Safety
Sub-Detactor State
T _Salety

Close

@ Online monitoring framework
providing immediate
feedback on data quality,
Including automatic
histogram analysis
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mm) Smooth Operations..

Shift Leader Datﬂ ﬁ' |

o i L1 LA
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Conclusions
» The LHCb detector is complete and fully working

» Thanks to the long commissioning phase, alignments and
calibrations already close to final on first day of collisions

» Performances with current understanding of the detector
allow for first physics results, see following LHCb talks:

» Luminosity measurement and K_ production (S. Redford)

@ PID performances and baryon/baryon asymmetries (S. Koblitz)
@ Prospects for CP violation measurements (A.Poluektov)

@ Search for rare decays (A. M. Pérez-Calero Yzquierdo)

» Refining alignments to reach nominal vertexing and tracking
performances

» Waiting for the “promised” 1/fb from 2010/2011 run (half a
nominal LHCb year) for the first results on the LHCb core
physics program
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